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ABSTRACT : PURPOSE: To obtain a through-hole having minute diameter, and excellent position 

accuracy and hole wall shape by using plural kinds of laser beams having different output 
wave lengths and stepwise working hole diameters in the through-hole. 

CONSTITUTION: By irradiating the desired position on a circuit substrate with the long 
wave length laser beam 2 from a long wave length laser beam generating means, a first 
through-hole is formed. Successively, as a second step work, the short wave length length 
laser beam 4 from a short wave length laser beam generating means irradiates on the first 
through-hole formed at the first step. By this method, black carbide generated at the time 
of working with the long wave length laser beam at the first step can be eliminated and 
roughness of the hole circumferential wall can be smoothened. 
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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR WORKING HOLE BY USING LASER BEAM 
35 2. CLAIMS 
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1 . A method for processing a hole through a substrate from 
a front face to a back face using a laser, 

wherein the through hole is processed using plural laser 
beams having different output wavelengths from the laser so that 
5 a diameter of the through hole is stepwisely changed. 

2. The method for processing a hole using a laser 
according to claim 1, 

wherein two laser beams having different wavelengths are 
10 used as the plural laser beams having different wavelengths, 
one of the two laser beams having a long wavelength in 
a range from visible to infrared wavelength, 

an other of the two laser beams having a short wavelength 
in a range from visible to ultraviolet wavelength. 

15 

3. The method for processing a hole using a laser 
according to claim 1, 

which comprises two sequential steps of: 
a first hole processing using the laser beam having a long 
2 0 wavelength; and 

a second hole processing using the laser beam having a 
short wavelength. 

3. DETAILED DESCRIPTION OF THE INVENTION 
25 [Industrial Field of the Invention] 

The present invention relates to a method for processing 
a substrate such as a printed-wiring board using laser beams. 

[Prior Art] 

30 Mechanically processing methods using a drill have been 

conventionally used as hole forming processing methods to form 
through holes on a printed-wiring board. Expensive carbide 
drills having high physical strength have become popular for 
forming particularly holes having a smaller diameter. 

35 Thereafter, a process of depositing a conductive material over 
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a hole formed by a drill of this type is conventionally 
performed. 

Figs. 2 are views showing a comparative example using a 
conventional method. Fig. 2(a) is a cross-sectional view of 
5 a hole formed by a drill 6 through a double-sided glass epoxy 
substrate. As shown in Fig. 2(a), the hole has random 
projections and depressions on its wall and positions of 
openings on the top and the bottom deviate from each other (due 
to shooting of the drill). Fig. 2(b) is a view of a formed 
10 conductor. 

(Problems to be Solved by the Invention) 

The conventional example is a mechanical processing 
method using a drill, and thereby tends to experience the 
15 following problems particularly upon forming a hole having a 
minute diameter. 

1) A short lifetime of the drill . This is because the drill 
has a small drill diameter and thereby a blade of the drill has 
a lower strength. 
20 2) A longer processing time. This is because the drill 

is delivered at a lower speed for the purpose of prolonging the 
lifetime of the drill as long as possible. 

3) Low straightness and low positional accuracy of the 

hole . 

25 4) Low reliability to various stresses. This is because 

the hole has projections and depressions which are large 
relative to the hole diameter on the inner wall, and thereby 
a conductive material thereon tends not to be uniform. 

30 [Means for Solving the Problems (and Effects) ] 

The present invention aims to follow minimization of the 
hole diameter by processing with heat energy and light energy 
using laser beams. Long-wavelength lasers with high average 
energy output such as C0 2 lasers and YAG lasers can achieve high 

35 energy density by narrowing pulsed beams and thereby enable 



4 



short-term high-speed processing. The long-wavelength lasers, 
however, performs mainly thermal processing due to low photon 
energy of the laser beams themselves, and thereby cause problems 
such as generation of black carbides , an etching rate difference 
5 between a resin and a glass particularly when a resin-type 
substrate is used. On the other hand, short wavelength lasers 
such as excimer lasers perform mainly processing by a 
photochemical reaction due to high photon energy of the laser 
beams themselves, and thereby can suppress generation of black 

10 carbides and etch the resin and the glass more uniformly. The 
short wavelength lasers, however, requires a longer time for 
processing due to low average energy output. 

Short-term high-speed processing of a through hole having 
a minute diameter and high reliability with a favorably shaped 

15 wall can be achieved by employing two steps which utilizes 
advantages of the lasers: a first step, high-speed rough hole 
formation processing by heat processing using a long wavelength 
laser; and a second step, hole wall smoothing processing by 
photochemical processing using a short-wavelength laser. 

20 

(Examples) 

Figs. 1(a) to 1(d) show the first example of the present 
invention . 

Fig. 1 (a) shows a cross-sectional view of a circuit board 

25 1. 

The circuit board 1 used in the present example is formed 
of a glass epoxy substrate 1A having copper portions IB and 1C 
formed on a front face and a back face as circuit patterns . The 
thickness of the circuit board is 600 |jm and the thickness of 

30 the copper plate is 18 \m. 

Fig. 1(d) shows a cross-sectional shape of a target 
through hole to be formed in the present invention. The through 
hole ID has a copper coating IE on its circumferential wall to 
allow conduction between the copper portions on the front face 

35 and the back face. The following description is on one example 
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in which the target diameter Di of the through hole in Fig. 1 (d) 
is set to 0.1 <J) and the thickness of the copper coating IE is 
set to 10 urn. In the first processing step, as shown in Fig. 
1(b), a desired portion on the circuit board 1 was irradiated 
5 with a long wavelength laser beam 2 emitted from a 
long-wavelength laser beam generating means (not shown) . 

A carbon dioxide laser using a wavelength of 10.6 um was 
used as the long wavelength laser. A first through hole was 
formed in the first processing step as shown in Fig. 1 (b) . The 

10 circumference wall schematically shown in the cross-section of 
the through hole in Fig. 1(b) has projections and depressions. 
The projections were presumably formed by residues of the glass 
and the depressions were formed by elution of the epoxy. In 
addition, adhering black carbides (shown by black points) were 

15 observed. 

Next, in the second processing step, as shown in Fig. 1(c), 
the first through hole formed in the first processing step was 
irradiated with a short wavelength laser beam 4 emitted from 
a short wavelength laser beam generating means (not shown) . A 

20 KrF excimer laser that emits a laser beam having a short 
wavelength of 0.248 um was used as the short wavelength laser. 

A photochemical reaction caused by the excimer laser in 
the second processing step enabled the black carbides generated 
upon the processing by the long wavelength laser in the first 

25 processing step to be removed and also enabled the projections 
and depressions formed upon the processing on the 
circumferential wall of the through hole to be flat. 

In the present example, the target diameter Di of the 
through hole was set to 0 . 1 $ (100 um) and the thickness of the 

30 coating was set to 10 to 20 um. The beam diameter of the short 
wavelength laser beam used in the second step was narrowed so 
that the target diameter of the hole formed in the second 

processing step was 70 to 80 um. 

The beam diameter of the long wavelength laser beam in 
35 the first step was narrowed for processing so that the target 
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diameter of the hole formed by the processing in the first step 
was about 90% of the diameter of the hole processed in the second 
step, that is, 60 to 70 \m. The table below shows the results 
of evaluation on conduction check, thermal shock reliability 
5 using an oil dip and positional deviation between the top and 
the bottom. 



Evaluation 
Item 


Content of test 


Example 1 


Example 2 


Comparative 
Example 


Conduction 
check 


50 mQ/hole or less 
determined as 
"good" 


"good"/"all" 
=99/100 


95/100 


50/100 


Thermal 
shock 


260°C oil dip 
5 sec.xlO times 


"good"/"all" 
=50/50 


48/50 


5/50 


Position 
accuracy 


Positional 
deviation of 
center axis 


± 10 um 


+ 10 urn 


± 50 urn 



The diameters of the through holes in samples were about ()> 0.1 
mm. 



[Effects of the Invention] 

As described so far, it is possible to obtain an effect 
that a through hole having a minute diameter with a favorably 
shaped wall can be formed with a high positional accuracy and 
15 high reliability by heat processing using a high energy beam 
having a long wavelength (first step) ; and by photochemical 
processing using a laser beam having a short wavelength (second 
step) . 

20 4. BRIEF DESCRIPTION OF THE DRAIWNGS 

Figs. 1 show an example of the present invention: Fig. 
1 (a) shows a cross-section in an initial state; Fig. 1 (b) shows 
a cross-section with a long wavelength beam; Fig. 1(c) shows 
a cross-section with a short wavelength; and Fig. 1(d) shows 

25 a cross-section of a formed conductor. 
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Figs. 2 show an example in which a conventional method is 
used: Fig. 2(a) shows a cross-section upon mechanical 
processing using a drill, and Fig. 1(b) shows a cross-section 
of a formed conductor. 
5 1 Substrate copper plate 

1A Substrate insulating layer (glass epoxy) 

2 Long wavelength laser beam (from a carbon dioxide laser 

or a YAG laser) 

4 Short wavelength laser beam (from an excimer laser) 

10 6 Drill 

Applicant: Canon Inc. 

Agent: Patent Attorney, Giichi MARUYAMA 



